This multicenter study evaluated the tolerance and potential pharmacokinetic interactions between azithromycin and rifabutin in volunteers with or without human immunodeficiency virus infection. Daily dosing with the combination of azithromycin and rifabutin was poorly tolerated, primarily because of gastrointestinal symptoms and neutropenia. No significant pharmacokinetic interactions were found between these drugs.
Mycobacterium avium complex (MAC) disease causes significant morbidity and mortality in patients with late-stage human immunodeficiency virus (HIV) infection (2, 4, 9) . Azithromycin (8, 13) and rifabutin (12) are used alone for the prevention of disseminated MAC (DMAC) infection and in combinations for treatment of DMAC (10, 17) . Currently recommended doses for use in combination treatment of DMAC are azithromycin at 500 mg daily and rifabutin at 300 mg daily (18) . Rifabutin is an inducer of hepatic microsomal cytochrome P-450 enzymes and is known to have significant pharmacokinetic interactions with several therapeutic agents, including clarithromycin (7, 16) . Pharmacokinetic interactions between these two drugs could have important implications for the safety and effectiveness of DMAC therapy. The current study was designed to evaluate the tolerance of combination therapy with azithromycin and rifabutin and the potential pharmacokinetic interactions.
All subjects were at least 18 years old and provided written informed consent before enrollment according to the institutional requirements of the participating centers. Subjects were ineligible if they had significant renal or hepatic impairment or were receiving drugs likely to have pharmacokinetic interactions with the study drugs. Drugs likely to interact with the study agents were to be avoided during the study, if possible. The study initially evaluated high-dose regimens (azithromycin at 1,200 mg daily and rifabutin at 600 mg daily) and enrolled only HIV-infected persons. However, because of a high rate of intolerance and slow enrollment, the protocol was modified to evaluate low-dose regimens (azithromycin at 600 mg daily and rifabutin at 300 mg daily) and to allow the enrollment of HIV-seronegative volunteers to increase the accrual rate. Subjects were initially randomized equally to one of two high-dose regimens (A or B) and later to one of two low-dose regimens (C or D). Regimen A and C subjects received azithromycin on days 1 to 14 and the combination of azithromycin and rifabutin on days 15 to 42. Regimen B and D subjects received rifabutin on days 1 to 14 and the combination of rifabutin and azithromycin on days 15 to 42. Subjects were instructed to take azithromycin 1 h before or 2 h after a meal (alone or in combination) and to take both drugs at the same time. All HIV-infected patients had CD4
ϩ cell counts of Ͻ200 cells/ mm 3 and were receiving stable antiretroviral therapy. Clinical evaluations and hematologic and biochemical profiles were repeated every 2 weeks through day 56. Subjects experiencing a possible drug-related adverse event greater than or equal to grade 3, as defined by the Division of AIDS Table for Grading Severity of Adult Adverse Experiences, permanently discontinued the study drug, as did subjects who developed lowergrade adverse events, at the investigator's discretion or the subject's request. Only data for subjects who completed the study evaluations have been included in the pharmacokinetic analyses.
Pharmacokinetic sampling was performed on days 14, 15, and 42. Subjects fasted for 12 h before and 2 h after study drug administration. Samples for pharmacokinetic analysis were obtained predose and at 0.5, 0.75, 1, 2, 3, 4, 6, 8, 12, 16 , and 24 h (also at 1.5, but not 0.75, h when receiving rifabutin only) after dosing and also at 36, 48, 72, and 96 h on days 42 to 46. All plasma concentrations were determined using validated highperformance liquid chromatography techniques (11, 15) by Pfizer Central Research for azithromycin (between-day standard deviations were Ͻ4%; linear range, 10 to 2,000 ng/ml) and Harris Laboratories for rifabutin and 25-O-desacetyl-rifabutin (between-day coefficients of variation were Յ10% for both and linear ranges were 5 to 500 and 2.5 to 250 ng/ml, respectively). Values exceeding the linear range were diluted and reassayed with validation for lack of dilution effect by inclusion of appropriate standards.
Based on coefficients of variation provided by the drug manufacturers, a sample size of 14 evaluable subjects receiving each regimen was projected to provide 85% power (␣ ϭ 0.05) for detecting a Ն50% change in the area under the plasma concentration-time curve from time zero to 24 h (AUC 0-24 ). LAGRAN software was used to compute AUC 0-24 at steady state (14) . Maximum drug concentration (C max ) and time to C max (T max ) were determined by inspecting interpolated curves. For drugs introduced on day 15, AUC 0-ϱ (AUC from time zero to infinity) was calculated as AUC 0-C n ϩ C n / z , where C n is the concentration at the last measurable time point. The terminal elimination rate constant, z , was determined by fitting a log linear regression to the last four time points of the terminal phase, but in cases of a delayed T max , three points were used. The means of the percent changes in pharmacokinetic parameters for each subject in each arm were compared using two-sample t tests.
Subjects were enrolled at seven study sites between March 1993 and October 1994. The baseline characteristics of subjects randomized to the high-and low-dose regimens are shown in Table 1 . No significant differences in baseline characteristics were found between the pairs of randomization groups receiving either the high-or low-dose regimens (all P values of Ͼ0.20). Of the 19 subjects (all HIV seropositive) in the highdose regimen, 9 completed the study evaluations. Four subjects experienced adverse events requiring study drug termination, five discontinued therapy for lower grade adverse events, and one developed Pneumocystis carinii pneumonia. Of 31 subjects including the low-dose regimen, 17 (receiving 5 of the 6 HIVpositive subjects) completed the study evaluations. One subject never returned after the first visit, eight developed adverse events requiring treatment termination, and five discontinued study drugs for less-serious adverse events. Seven subjects, all receiving the high-dose regimens, received antifungal azoles at some time during the study, but only three of these subjects completed the pharmacokinetic evaluations.
The most frequent adverse events occurring in the high-dose and low-dose groups are listed in Table 2 . All subjects prematurely discontinuing the study drug did so during combination therapy, except for one who developed grade 3 neutropenia while receiving high-dose rifabutin alone. Neutropenia (absolute count, Ͻ1,500 cells/mm 3 ) was the most frequently reported adverse event, occurring among 33 of 50 subjects (66%). These episodes included seven grade 3 (500 to 750 cells/mm 3 ) and one grade 4 (Ͻ500 cells/mm 3 ) neutropenia events. In the low-dose groups, eight subjects had decreases of Ͼ1,000 cells/mm 3 (four of these had decreases of Ͼ2,000 cells/ mm 3 ), and significant mean decreases in neutrophils occurred during the initial 14 days of monotherapy with either azithromycin (989 cells/mm 3 , P ϭ 0.02) or rifabutin (1,389 cells/mm 3 , P Ͻ 0.01). Low-grade nausea, diarrhea, fatigue, and headache were also common, and most subjects had more than one type of event. The type and frequency of adverse events were similar in the high-and low-dose regimens and in HIV-positive and -negative subjects and occurred primarily during the combination phase. There were no statistically significant differences in the baseline characteristics of subjects who completed the study compared to those who did not complete the study within the high-and low-dose groups. Large reversible decreases in leukocyte counts have been observed in non-HIV-infected patients with pulmonary MAC disease treated with combinations including rifabutin (6). Apseloff et al. (1) observed severe neutropenia (Ͻ1,000 cells/ mm 3 ) in 9 of 18 healthy volunteers receiving 300 mg daily of rifabutin alone (1 of 6) or in combination with azithromycin at 250 mg daily (4 of 6) or clarithromycin at 500 mg twice daily (4 of 6) after 10 to 14 days. Significant decreases in neutrophils occurred during the 14 days of monotherapy with either rifabutin or azithromycin among both HIV-seropositive and -seronegative subjects in the current study. While neutropenia is a known side effect of rifabutin, the large decreases in neutrophils associated with azithromycin monotherapy in this study have not been previously reported. The magnitude of neutrophil decline after 14 days of azithromycin or rifabutin monotherapy was not statistically associated with measurements of systemic exposure for either study drug.
The mean AUC 0-24 , C max , and T max values for azithromycin, rifabutin, and 25-O-desacetyl-rifabutin on study days 14, 15, and 42 are presented in Table 3 . None of the mean percent changes in the pharmacokinetic parameters for azithromycin, rifabutin, or 25-O-desacetyl rifabutin occurring between days 14 and 42 were significant (all P values were Ն0.13) For lowdose regimen C, the mean percent change in azithromycin AUC 0-24 between days 14 and 42 was ϩ21% (P ϭ 0.13), and none of the nine individual azithromycin AUC 0-24 estimates decreased by Ͼ25% between days 14 and 42 (Fig. 1) . For regimen D, the mean percent change in rifabutin AUC 0-24 between days 14 and 42 (Ϫ5%) was not significant, and only one of the eight individual rifabutin AUC 0-24 estimates increased by Ͼ25% (45%) between days 14 and 42. The mean percent change in the AUC 0-24 values of 25-O-desacetyl-rifabutin observed between days 14 and 42 was also not significant. Among the mean percent changes in pharmacokinetic parameters between days 14 and 42 for either the high-or low-dose regimes, only those for rifabutin and 25-O-desacetyl rifabutin in high-dose regimen B exceeded 25%. Since all the P values for these changes were Ͼ0.20, these differences most likely reflected the wide variation in individual values among the small sample (n ϭ 5).
The observed pharmacokinetic parameters are consistent with those reported in previous studies of rifabutin (7, 16) and azithromycin (5) . The current pharmacokinetic analysis indicates that neither rifabutin nor azithromycin had a significant effect on the steady-state levels of the other drug. The data for the low-dose regimens strongly support the absence of any clinically relevant pharmacokinetic interactions between these drugs at the highest dosages currently used in clinical practice. Based on the actual number of evaluable subjects and observed standard deviations in the low-dose groups, mean changes of Ն35% in azithromycin AUC 0-24 and Ն29% in rifabutin AUC 0-24 could be detected with 80% power. However, the possibility of selection bias caused by the high rate of intolerance must be recognized. Subjects not completing day 42 study evaluations were not included in the pharmacokinetic analyses, and intolerance to the combination study regimens could have been related to pharmacokinetic interactions resulting in increased drug concentrations. These results indicating the absence of significant pharmacokinetic interactions between azithromycin and rifabutin are consistent with other reported findings. In a study of groups of six volunteers assigned to receive azithromycin at 250 mg daily, rifabutin at 300 mg daily, or both drugs for 14 days, the mean azithromycin and rifabutin concentrations in serum at day 10 did not differ significantly between the groups receiving one of these drugs alone and the group receiving the combination (1). However, pharmacokinetic analyses could not be completed. Also, among HIVseronegative patients receiving azithromycin to treat mycobacterial lung disease, azithromycin concentrations in serum measured during monotherapy were apparently comparable to concentrations observed after the addition of rifabutin (3). In summary, neither azithromycin nor rifabutin appears to have a significant effect on the pharmacokinetics of the other. However, this combination should not be a first-choice option for treatment or prevention of MAC infections because of poor tolerance.
